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Abstract 
7KLVSDSHUVKRZVWKHSRVVLELOLW\WKDWDVDVLPSOHDYHUDJH%',RFFDVLRQDOO\
RYHURUXQGHUVWDWHV WKHVWDWXVRIJOREDOGU\EXONIUHLJKWPDUNHW ,QRUGHU
WRRYHUFRPH WKLV VKRUWFRPLQJ WKLVSDSHUVXJJHVWVDQDOWHUQDWLYHPHWKRG
RIFDOFXODWLQJQHZLQGH[E\XVLQJDFRPPRQVWRFKDVWLF WUHQGPRGHO7KLV
HFRQRPHWULFDSSURDFK WRXQGHUVWDQGLQJ WKHG\QDPLFVRIGU\EXON IUHLJKW
PDUNHWV QRW RQO\SURYLGHV QHZ LQGH[ EXW DOVR JLYHV D GHFRPSRVLWLRQ
PHWKRG7KDWLVWKURXJKWKLVOHQVRIFRPPRQVWRFKDVWLFWUHQGPRGHOZHFDQ
GHFRPSRVHWKHIUHLJKWGDWDLQWRFRPPRQRUSHUPDQHQWDQGLGLRV\QFUDWLFRU
WUDQVLWRU\FRPSRQHQWV
.H\ZRUGVFRPPRQVWRFKDVWLFWUHQGPRGHOFRLQWHJUDWLRQLQGH[GU\EXON
7KHYLHZVH[SUHVVHGLQWKLVSDSHUDUHWKRVHRIWKHDXWKRUDQGGRQRWUHÀHFWWKHRI¿FLDOSRVLWLRQRI.RUHD0DULWLPH,QVWLWXWH
6HQLRU5HVHDUFKHURI.RUHD0DULWLPH,QVWLWXWH.RUHD(PDLO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I. Introduction 
,WLVDFFHSWHGWKDW%DOWLF'U\,QGH[%',KDVZRUNHGZHOODVDUHSUHVHQWLQJ
LQGH[IRUJOREDOGU\EXONIUHLJKWPDUNHWV 7KLVJRRGSHUIRUPDQFHFDQEH
VHHQHDVLO\2QWK0D\WKH%',ZDVSZKLFKZDVLQFUHDVH
IURPWKDWRIVW6HSWHPEHU,WVFRPSRQHQWVVXFKDV&DSHVL]H3DQDPD[
6XSUDPD[ DQG+DQG\VL]H7&DYJ LQFUHDVHGE\
IURPWKHVDPHEDVHGDWH+RZHYHU WKLVSDSHUVHHNVDQDOWHUQDWLYH WR%',
DVWKHLQGH[EHFDXVHRFFDVLRQDOO\%',XQGHUVWDWHVWKHVWDWXVRIVPDOOHUVKLS
PDUNHWVIRUH[DPSOH6XSUDPD[DQG+DQG\VL]H2QWK-XO\WKH%',
ZDVSGHFUHDVHIURPWKHEDVHGDWHDQG&DSHVL]H7&DYJGHFUHDVHG
E\+RZHYHU6XSUDPD[7&DYJGHFUHDVHGE\RQO\DQG+DQG\VL]H
7&DYJ LQFUHDVHGE\ UHVSHFWLYHO\)RUDFRQYHQLHQFHRIH[SRVLWLRQ
VXSSRVHWKDWDQREVHUYHUXVHVWKH%',DVWKHUHSUHVHQWLQJLQGH[IRUVPDOOHU
VKLSV7KLVSHUVRQVKRXOGPDNHDPLVWDNH
%',LVFDOFXODWHGDVDQHTXDOO\ZHLJKWHGDYHUDJHRIWKHVXEPDUNHWLQGLFHV
7KLVVLPSOHDYHUDJHHJ%',RUDZHLJKWHGDYHUDJHHJ%&,%3,%6,
DQG%+6,DVDQLQGH[FDQSHUIRUPZHOO%XWIRU WKHSXUSRVHLQDVSHFL¿F
FRQWH[WDSULRUDQRWKHU LQGH[XVLQJGLIIHUHQWFDOFXODWLRQPHWKRGFDQQRWEH
UHMHFWHGDVDQLQGH[$ORQJZLWKWKLVSUDJPDWLFDUJXPHQWWKLVSDSHUSURYLGHV
DQDOWHUQDWLYH LQGH[ WR%', IRU UHSUHVHQWLQJ WKHJOREDOGU\EXON IUHLJKW
PDUNHWV
)RUWKLVSXUSRVHWKLVSDSHUXVHVWKHLQIRUPDWLRQRIWKHFRUUHODWLRQVDPRQJ
GU\EXON VXEPDUNHWV ,Q WKHVW VDPSOH WKH FRUUHODWLRQVEHWZHHQ WKH
YDULDEOHVDUHDW OHDVW7KLVKLJKFRUUHODWLRQFRXOGLPSO\WKDW WKHUHLVD
FRPPRQWUHQGDPRQJWKHYDULDEOHVDVVKRZQLQVHFWLRQ,,,+RZHYHULQWKH
)RUWKHH[SODQDWLRQRI%',DQGUHODWHGLQGLFHV%&,%3,%6,%+6,HWFUHIHUWRWKH%DOWLF([FKDQJHRU$OL]DGHKDQG1RPLNRV
$OWKRXJKWKHODWWHUGLGQ¶WUHÀHFWWKHFXUUHQWFKDQJHDERXW%DOWLFLQGLFHVLWVXPPDUL]HGWKHPFRPSDFWO\
6RPHRIWKHUHIHUHHVFRPPHQWHGWKDWVLQFHWKHUHLVQRWDFWXDOO\DVLQJOHPDUNHWFDOOHGGU\EXONDQHIIRUWWRDSSUR[LPDWHWKHLQGH[WR
WKHDFWXDOGU\EXONPDUNHWZRXOGODFNXWLOLW\YDOXH+RZHYHUWKLVSDSHUVHHNVDQDOWHUQDWLYHLQGH[EDVHGRQWKHIROORZLQJWKUHHUHDVRQV
)LUVWWKHUHVHHPVWREHVRPHSRSXODUYLHZWKDW%',LVDUHSUHVHQWLQJLQGH[IRUJOREDOGU\EXONIUHLJKWPDUNHWV)RUH[DPSOH$OL]DGHKDQG
1RPLNRVVDLG³7KHLQGH[%',LVZLGHO\XVHGE\SUDFWLWLRQHUVDVDJHQHUDOPDUNHWLQGLFDWRUUHÀHFWLQJWKHPRYHPHQWVLQWKHGU\
EXONPDUNHW,WLVLQRWKHUZRUGVWKHµEDURPHWHU¶RIGU\EXONVKLSSLQJ´SS$OVRLQ:LNLSHGLDDSRSXODUZHEEDVHGHQF\FORSHGLD
%',LVH[SODLQHGLQWKHIROORZLQJZD\³7KHLQGH[%',LQGLUHFWO\PHDVXUHVJOREDOVXSSO\DQGGHPDQGIRUWKHFRPPRGLWLHVVKLSSHG
DERDUGGU\EXONFDUULHUVVXFKDVEXLOGLQJPDWHULDOVFRDOPHWDOOLFRUHVDQGJUDLQV´6HFRQGDVVKRZQRQ7DEOH!GXULQJWKHSHULRGIURP
-DQWR$XJWKHUHVHHPVWRKDYHEHHQDFRPPRQWUHQGDPRQJIRXUGU\EXONVXEPDUNHWVLQWKHVLJQL¿FDQFHOHYHOZKLFKLV
WKHHPSLULFDOUHVXOWQRWWKHSUHVXPHGSKHQRPHQRQ7KLUGDV&KHQ0HHUVPDQDQG9RRUGHVKRZHGWKHUHFRXOGEHDFRPPRQWUHQG
EHWZHHQ&DSHVL]HDQG3DQDPD[PDUNHWV7KLVSRVVLEOHK\SRWKHVLVFDQEHVXSSRUWHGE\WKHIDFWWKDWWKH&DSHVL]HDQG3DQDPD[VKLSVXVXDOO\
WUDQVSRUWWKHVDPHFDUJRHVVXFKDVLURQRUHDQGFRDO
%HFDXVHWKH%DOWLF([FKDQJHSURYLGHV%&,%3,%6,DQG%+6,IRUWKHYDULRXVVKLSVL]HVLH&DSHVL]H3DQDPD[6XSUDPD[DQG
+DQG\VL]HDVWKHLQGLFHVZHFDQHDVLO\HVFDSHIURPWKLVPLVWDNH
7KHUHDVRQZK\WKLVSDSHUH[FOXGHGWKHSHULRGIURPWK$XJWRWK-XQHLQWKHVDPSOHFDQEHH[SODLQHGDVIROORZV)LUVW
WKHH[FOXGHGSHULRGPLJKWEHDIIHFWHGVRPXFKE\WKHJOREDO¿QDQFLDOFULVLVWKDWWKHLQFOXVLRQRIWKLVSHULRGZLWKRXWVXFKSURSHUVWDWLVWLFDO
WUHDWPHQWDVUHJLPHVZLWFKLQJFRXOGGLVWRUWWKHHPSLULFDOUHVXOWVRIWKLVSDSHU6HFRQGVLQFHWKHQHZFRPSRVLWLRQRI%',VWDUWHGRQVW-XO\
WKHSHULRGIURPWKHGDWHZKHQWKHJOREDO¿QDQFLDOFULVLVLVWKRXJKWWRKDYHFHDVHGWRWK-XQHLVWRRVKRUWWRLQIHUVWDWLVWLFDOO\
E\XVLQJWKDWSHULRGDVDUHIHUHQFHSHULRG
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QGVDPSOH WKHFRUUHODWLRQEHWZHHQ WKH3DQDPD[DQG6XSUDPD[DQGRQH
EHWZHHQ6XSUDPD[DQG+DQG\VL]HDUHHTXDOO\KLJKHVWDV7KHVHFRQG
LVRQHEHWZHHQ3DQDPD[DQG+DQG\VL]HDV7KHFRUUHODWLRQVUHODWHG
ZLWK&DSHVL]HDUHUHODWLYHO\ORZ'HVSLWHWKHVHUHODWLYHO\ORZFRUUHODWLRQVRI
&DSHVL]HWKLVSDSHUDVVXPHVWKDWWKHUHKDVEHHQDFRPPRQVWRFKDVWLFWUHQG
DPRQJWKHFRQVLGHUHGYDULDEOHVLQWKHQGVDPSOHPDLQO\EHFDXVHWKLVSDSHU
ZDQWVWRH[WUDFWWKHGHVLUDEOHVLQJOHWUHQG
)XUWKHUPRUHFRPPRQVWRFKDVWLFDSSURDFKJLYHVDGHFRPSRVLWLRQPHWKRG
7KDWLV LIZHXVHWKLVNLQGRIFRPPRQVWRFKDVWLFPRGHOZHPDNHWKHGDWD
GHFRPSRVHGLQWRFRPPRQRUSHUPDQHQWDQG LGLRV\QFUDWLFRU WUDQVLWRU\
FRPSRQHQWV$IWHUGHFRPSRVLQJWKHGDWDLQWKLVZD\ZHFRXOG,EHOLHYHJR
PRUHIRUXQGHUVWDQGLQJWKHG\QDPLFVRIWKHGU\EXONIUHLJKWPDUNHWV
7KHRUJDQL]DWLRQRIWKLVSDSHULVDVIROORZV6HFWLRQ,,UHYLHZVWKHUHOHYDQW
OLWHUDWXUHIRFXVLQJRQWKHFRPPRQVWRFKDVWLFWUHQGPRGHODQGWKHDSSOLFDWLRQV
RIYDULRXVWLPHVHULHVPRGHOVHJFRLQWHJUDWLRQFRPPRQIDFWRU9$5HWF
WRGU\EXONIUHLJKWPDUNHWV6HFWLRQ,,,H[SODLQVWKHGDWDVHWDQGWKHUHVXOWVRI
XQLWURRWDQGFRLQWHJUDWLRQWHVWV$OVRWKLVVHFWLRQZLOOVXJJHVWWKHHPSLULFDO
PRGHORI WKLVSDSHU6HFWLRQ,9VKRZVWKHHPSLULFDO UHVXOWVDQG LQWHUSUHWV
WKHPLQGU\EXONVKLSSLQJHFRQRPLFFRQWH[W)LQDOO\VHFWLRQ9FRQFOXGHV
II. Literature Review
,QWKLVSDSHUZHDQDO\]HWKHG\QDPLFVRIGU\EXONIUHLJKWPDUNHWE\XVLQJD
VWRFKDVWLFWUHQGPRGHO6RWKHUHODWHGOLWHUDWXUHH[LVWVLQWZRVWUDQGVEDVLFDOO\
)LUVW WKHVWXGLHVRQWKHVWRFKDVWLFWUHQGPRGHOHVSHFLDOO\LQ(FRQRPHWULFV
ZLOO EH UHYLHZHGEULHIO\6HFRQG WKH DSSOLFDWLRQVRI D VWRFKDVWLF WUHQG
PRGHORUUHODWHGWLPHVHULHVPRGHOVIRUH[DPSOHFRLQWHJUDWLRQDSSURDFK
FRPPRQIDFWRUPRGHO9$5PHWKRGHWFWRGU\EXONIUHLJKWPDUNHWVZLOOEH
FRQVLGHUHG
)LUVWO\ WKH IROORZLQJ WKUHHSDUDJUDSKVDUH IRU WKH OLWHUDWXUH UHYLHZRI
VWRFKDVWLF WUHQGPRGHO&KDQJ0LOOHU DQG3DUN VKRZHG WKH VWDWLVWLFDO
SURSHUWLHVRIPD[LPXPOLNHOLKRRGHVWLPDWLRQRIVWDWHVSDFHPRGHOVXVLQJ
$VZLOOEHQRWHGLQWKHIRRWQRWHWKLVSDSHUXVLQJ.)660DSSURDFKLPSRVHVWKHUHVWULFWLRQWKDWWKHUHLVDFRPPRQVWRFKDVWLFWUHQG
EHIRUHWKHWUHQGLVH[WUDFWHGIROORZLQJWKHDUJXPHQWRI&KDQJ0LOOHUDQG3DUN
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.DOPDQ ILOWHU LQ GHDOLQJZLWK QRQVWDWLRQDU\ GDWD )RU WKH HPSLULFDO
GLVFXVVLRQRI WKHLUPRGHO WKH\FRPSDUHG WKHGHFRPSRVLWLRQRIFRPPRQ
VWRFKDVWLFWUHQGPRGHOLQWRSHUPDQHQWDQGWUDQVLWRU\FRPSRQHQWVZLWKWKDWRI
WKH9HFWRU(UURU&RUUHFWLRQ0RGHO9(&03DUWLFXODUO\LQWKHH[DPSOHRI
SULFHVRIVWRFNVWKDWFRPSULVHWKH'-,$'RZ-RQHV,QGXVWULDO$YHUDJHWKH\
LQVLVWHGWKDW WKHLUGHFRPSRVLWLRQWHFKQLTXH.)660.DOPDQ)LOWHU±6WDWH
6SDFH0RGHO\LHOGHGDVLPLODU LQGH[FRPPRQVWRFKDVWLF WUHQGEXW0/
(&00D[LPXP/LNHOLKRRGHVWLPDWHVRI WKHSDUDPHWHUVEDVHGRQDILQLWH
RUGHU(UURU&RUUHFWLRQ0RGHODSSURDFKGLGQRW7KHUHDVRQRIWKLVGLIIHUHQFH
ZDVH[SODLQHGDVIROORZV³0/(&0LVGHVLJQHGWRH[WUDFW WKHEHVW WUHQGV
ZLWKWKHQXPEHURIWUHQGVXQUHVWULFWHG.)660H[WUDFWVWKHEHVWVLQJOHWUHQG
«,QKLJKHUGLPHQVLRQDODSSOLFDWLRQVRQO\RQHWUHQGPD\EHGHVLUHG,QWKLV
FDVH.)660SURYLGHVDEHWWHUDSSURDFK´
7KLV.)660DSSURDFKZLOOEHXVHGLQWKHEHORZHPSLULFDOPRGHOIRUGU\
EXON IUHLJKWPDUNHW ,W LVDOVRQRWDEOH WKDW WKHPRGHOLQJVWUDWHJ\RIDFR
LQWHJUDWLRQV\VWHPXVLQJDFRPPRQVWRFKDVWLFWUHQGPRGHOKDVEHHQSURSRVHG
E\PDQ\RWKHUUHVHDUFKHUV
+RZHYHU WKH9(&0LVDOVRYHU\SRSXODUDSSURDFK WRGHDOLQJZLWKFR
LQWHJUDWLQJYDULDEOHV7KHIRUPDOL]DWLRQIRU9(&0ZDVGRQHE\(QJOHDQG
*UDQJHU$IWHUHFRQRPHWULFDOO\ WKHRUL]LQJ WKH9(&0IRUFRLQWHJUDWLQJ
YDULDEOHV(QJOHDQG*UDQJHUDSSOLHGLW WRVRPHHFRQRPLFYDULDEOHVZKLFK
FRXOGKDYHDFRLQWHJUDWLRQUHODWLRQVKLS7KH\IRXQGWKDWFRQVXPSWLRQDQG
LQFRPHDUHFRLQWHJUDWHGZDJHVDQGSULFHVDUHQRWVKRUWDQGORQJLQWHUHVWUDWH
DUHDQGQRPLQDO*13LVFRLQWHJUDWHGZLWK0EXWQRW00RUDJJUHJDWH
OLTXLGDVVHWV
6HFRQGO\ WKH IROORZLQJ WKUHHSDUDJUDSKV UHYLHZ WKHDUWLFOHVDERXW WKH
DSSOLFDWLRQVRID VWRFKDVWLF WUHQGPRGHORU UHODWHG WLPHVHULHVPRGHOV WR
WKHGU\EXON IUHLJKWPDUNHWV&KHQ0HHUVPDQDQG9RRUGH LQYHVWLJDWHG
WKH LQWHUUHODWLRQVKLSV LQGDLO\ UHWXUQVDQGYRODWLOLWLHVEHWZHHQ&DSHVL]H
&KDQJ0LOOHUDQG3DUNQRWHGWKDWIRUDQH[FHOOHQWVXUYH\DQGPDQ\FRQFUHWHH[DPSOHVRIWKHQRQVWDWLRQDU\XQREVHUYHGYDULDEOH
PRGHOWKHUHDGHULVUHIHUUHGWR.LPDQG1HOVRQ
&KDQJ0LOOHUDQG3DUN$OVRRQSWKH\DUJXHGDVIROORZV³«(VVHQWLDOO\LW0/(&0UHVWULFWVWKHQXPEHURIFRPPRQWUHQGV
DIWHUPXOWLSOHWUHQGVDUHH[WUDFWHG:KHUHDV.)660LPSRVHVWKHUHVWULFWLRQEHIRUHWKHWUHQGLVH[WUDFWHG,IWKHUHVWULFWLRQLVGHVLUHG±DVLW
LVLQWKLVDSSOLFDWLRQ±.)660LVFOHDUO\DPRUHDSSHDOLQJDSSURDFK´S
)RUH[WUDFWLQJDQLQGH[IURPPXOWLSOHWLPHVHULHVGDWD6WRFNDQG:DWVRQSURYLGHGDQDOWHUQDWLYHPHWKRGLQZKLFKWKHUHLVQRFR
LQWHJUDWLRQUHODWLRQVKLS
6HH+DPLOWRQ6WRFNDQG:DWVRQDQG0DFKR+DUYH\DQG6WRFNDPRQJRWKHUV
(QJOHDQG*UDQJHU
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DQG3DQDPD[SULFHVHULHV LQ WKHVSHFLILHGIRXUPDMRU WUDGLQJURXWHV)RU
WKH HPSLULFDO DQDO\VLV WKH\ HPSOR\HG9(&0DSSURDFKZLWK*$5&+
*HQHUDOL]HG$XWR5HJUHVVLYH&RQGLWLRQDO+HWHURVNHGDVWLFLW\9HHQVWUDDQG
)UDQVHVDOVRFRQVLGHUHGDFRLQWHJUDWLRQPRGHOIRUWKHDQDO\VLVRIUHODWLRQVKLS
DPRQJ&DSHVL]HDQG3DQDPD[IUHLJKWPDUNHWV)XUWKHUPRUH WKH\XVHGD
FRPPRQVWRFKDVWLFDSSURDFKIRUIRUHFDVWLQJIUHLJKWUDWHDQGHYDOXDWLQJWKH
IRUHFDVWSRZHU7KHGLIIHUHQWLDWHGFRQWULEXWLRQRIWKLVSDSHUIURPWKHVHWZR
SUHYLRXVVWXGLHVLVDVIROORZV)LUVWLWIRFXVHVRQFRQVWUXFWLQJDQHZLQGH[IRU
WKHOHYHOVWDWXVRIJOREDOGU\EXONIUHLJKWPDUNHWQRWIRUWKHFKDQJHVWDWXVRI
.RDQGVHFRQGLWSURYLGHVDGHFRPSRVLWLRQPHWKRGIRUWKHGU\EXONIUHLJKW
UDWHV7KH ODWWHU ,EHOLHYHZLOOKHOSVWXG\ WKHG\QDPLFVRIGU\EXONVXE
PDUNHWVPRUHGHHSO\
.RDSSOLHGDG\QDPLFFRPPRQIDFWRUPRGHOWRGU\EXONIUHLJKWPDUNHW
+HSURYLGHGDXQLILHGIUDPHZRUNIRUXQGHUVWDQGLQJ WKHV\QFKURQLFLW\DQG
LGLRV\QFUDV\LQWKHVXEPDUNHWVZLWKGLIIHUHQWVKLSVL]HDQGVKRZHGWKDWWKHUH
ZRXOGKDYHEHHQVRPHVWUXFWXUDOEUHDNRIWKHUHODWLRQVKLSVLQWKRVHPDUNHWV
3DUWLFXODUO\&DSHVL]H3DQDPD[6XSUDPD[DQG+DQG\VL]HPDUNHWVZHUH
DQDO\]HG+RZHYHU LWKDVD ODUJH OLPLWDWLRQLQ WKHVHQVH WKDW LWFRQVLGHUHG
RQO\WKHFKDQJHUDWHVQRWWKHIUHLJKWOHYHO.RSURYLGHGVRPHH[SODQDWRU\
YDULDEOHVIRU WKH WLPHYDU\LQJYRODWLOLW\ LQ WKHGU\EXONIUHLJKWPDUNHWVDV
DOUHDG\VXJJHVWHGE\$OL]DGHKDQG1RPLNRV)XUWKHUPRUHKHIRXQGWKDWWKH
PDUNHWSOD\HUVFRQVLGHUWKHEDFNZDUGDWLRQVKRFNLQORZXQFHUWDLQW\DVPRUH
LPSRUWDQWWKDQLQKLJKXQFHUWDLQW\.RDQDO\]HGWKHFKDQJHRIWKHG\QDPLFV
RIGU\EXONPDUNHWEHIRUHDQGDIWHUWKHJOREDO¿QDQFLDOFULVLVZLWKWKDW
RISUH-XO\)RUWKHDQDO\VLVWRROKHDSSOLHGWKHFRXQWHUIDFWXDODQDO\VLV
WRUHFXUVLYH9$5PRGHO$FFRUGLQJWRWKHUHVXOWV WKHYRODWLOLW\UHGXFWLRQ
VWHPPHGIURPWKHVKRFNUHGXFWLRQEXWWKHYRODWLOLW\LQFUHDVHZDVGXHWRWKH
VKRFNSHUVLVWHQFHH[FHSWRQHFDVH
&KXQJDQG+DHVWLPDWHGDVWUXFWXUDOIXQFWLRQRI%',E\XVLQJWKHHXUR
GROODULQWHUHVWUDWH86VWRFNSULFHVDQG&KLQD¶VLURQLPSRUWVDVH[SODQDWRU\
&KHQ0HHUVPDQDQG9RRUGH
9HHQVWUDDQG)UDQVHV
.R
.R
.RD
$OL]DGHKDQG1RPLNRV
.RE
&KXQJDQG+DD
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YDULDEOHV7KH\DGRSWHG WKH.DOPDQILOWHUDV WKHHVWLPDWLQJ WRRORI WLPH
YDU\LQJHODVWLFLWLHVFRHIILFLHQWV7KH\VKRZHGWKDW WKHUHZRXOGKDYHEHHQ
WKUHHVWUXFWXUDOEUHDNVLQWKHVDPSOHIURP$SULOWR$XJXVW&KXQJ
DQG+DDOVRFRQVLGHUHGWKHG\QDPLFSURSHUWLHVRI%',:KLOH&KXQJDQG
+DFRQVLGHUHGWKHWLPHYDU\LQJSKHQRPHQRQ&KXQJDQG+DLQYHVWLJDWHG
WKHORQJUXQUHODWLRQVKLSDPRQJ%',HXURGROODU LQWHUHVW UDWH86VWRFN
SULFHV DQG&KLQD¶V LURQ LPSRUWV E\XVLQJ WKH3HVDUDQ¶V FRLQWHJUDWLRQ
PHWKRG5LP.LPDQG.RDQDO\]HGWKHG\QDPLFUHODWLRQVKLSDPRQJWKH
GHPDQGVXSSO\DQGIUHLJKWUDWHYDULDEOHV)RU WKHHPSLULFDODQDO\VLV WRRO
WKH\HPSOR\HGDUHFXUVLYH9$5PRGHOXVLQJWKHDQQXDOGDWDVHW$PRQJWKHLU
¿QGLQJVLWLVQRWHZRUWK\WKDWLQRUGHUWRLPSURYHWKHDFFXUDF\RIIRUHFDVWLQJ
WKH%',YDULDEOH LW LVHVVHQWLDO WRFRQWLQXRXVO\PRQLWRU WKHVKRFNV WR WKH
FDUJRDQG%',LWVHOI
7KLVSDSHUFDQEHGLIIHUHQWLDWHGIURPWKHDERYHOLWHUDWXUHDVIROORZV7RP\
EHVWNQRZOHGJHWKLVSDSHULVWKH¿UVWDWWHPSWWRDSSO\WKHHFRQRPHWULFPRGHO
RIFRPPRQVWRFKDVWLFWUHQGWRGU\EXONVKLSSLQJIUHLJKWPDUNHWVLQRUGHUWR
FDOFXODWHVRPHLQGH[,WKLQNWKDWWKLVNLQGRILQGH[FDOFXODWLRQPHWKRGFRXOG
QRWRQO\SURYLGHWKHFORVHULQIRUPDWLRQRQWKHVWDWXVRIWKHUHODWHGPDUNHWVEXW
DOVREHDEOHWR\LHOGPRUHHIIHFWLYHIUHLJKWXQGHUO\LQJDVVHWIRUWKHGHULYDWLYHV
PDUNHW+RZHYHUWKHODWWHUVXEMHFWLVQRWGHDOWZLWKLQWKLVSDSHUEXWLWZLOO
EHRQHRIIXWXUHUHVHDUFKWRSLFV
III. Data and Empirical Model
1. Data Explanation with Unit Root and Co-Integration Tests
7KLVSDSHUXVHV WZRGDWDVHWV7KHILUVW LV IURPQG-DQXDU\ WRWK
$XJXVW7KHVHFRQGLVIURPVW-XO\WRVW$SULO7KHUHDVRQRI
WKLVVDPSOHVSOLW LVWKDWWKHFDOFXODWLRQPHWKRGRI%',FKDQJHGRYHUWLPH
)RUWKH¿UVWVDPSOH%&,%3,%6,DQG%+6,ZHUHXVHGDVWKHFRQVWLWXWLQJ
&KXQJDQG+DE
&KXQJDQG+DD
&KXQJDQG+DE
5LP.LPDQG.R
,Q-XO\,PDUH[ODXQFKHGGHULYDWLYHFRQWUDFWVRQWKH%',$OL]DGHKDQG1RPLNRVS
)RUWKHPRGL¿FDWLRQRI%',FDOFXODWLRQPHWKRGUHIHUWRWKH%DOWLF([FKDQJHRU7DEOHRI.R$QGDOVRVHHWKH
IRRWQRWH
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LQGLFHV%XW IRU WKHVHFRQGVDPSOH WKH WLPHFKDUWHUDYHUDJHV 7&DYJRI
&DSHVL]H3DQDPD[6XSUDPD[DQG+DQG\VL]HKDYHEHHQXVHGIRU WKH%',
FDOFXODWLRQ,WVKRXOGEHQRWHGWKDWWKLVSDSHUXVHVWKHGDLO\GDWDDQGDOO WKH
YDULDEOHVDUHWUDQVIRUPHGLQWRWKHQDWXUDOORJDULWKPLFYDOXHV
7DEOH!'DWDVHWGHVFULSWLRQ
3HULRG 'DWD6HW T
2QG-DQ
WRWK$XJ %&,%3,%6,%+6, 
1VW-XO\
WRVW$SULO
$YHUDJHRIWKH7&5RXWHVRI%DOWLF&DSHVL]H,QGH[
$YHUDJHRIWKH7&5RXWHVRI%DOWLF3DQDPD[,QGH[
$YHUDJH%6,$YHUDJHRIWKH7&5RXWHV
%+6,7LPH&KDUWHU$YHUDJH
$OO WKHDERYHIRXUYDULDEOHVEHFRPHXVHGDV WKHHOHPHQWV
ZKHQFDOFXODWLQJ%',VLQFHVW-XO\

1RWH7LVWKHQXPEHURIREVHUYDWLRQV6RXUFH&ODUNVRQ
7RXQGHUVWDQGWKHSURSHUWLHVRIIRXUWLPHVHULHVGDWDWKLVSDSHUSHUIRUPVWKH
XQLWURRWDQGFRLQWHJUDWLRQWHVWV$VXVXDOO\GRQHLQHFRQRPHWULFOLWHUDWXUH
WKHVH WHVWVSURYLGH WKH LPSRUWDQW LQIRUPDWLRQRQ WKHFRPPRQVWRFKDVWLF
WUHQGDPRQJ WKHFRQVLGHUHGYDULDEOHV)RU WKHVWUDWHJ\RI WKLVSDSHU LH
extracting a single common unit root component WREHH[DFWO\YDOLG WKH
IRXUGDWDVKRXOGVKRZWKDWWKHUHLVXQLWURRWLQHDFKYDULDEOHDQGDUHWKUHHFR
LQWHJUDWLRQUHODWLRQVKLSVDPRQJDOOWKHIRXUYDULDEOHV
$FFRUGLQJ WR WKHXQLW URRW WHVWVDOOYDULDEOHVKDYH WKHSURSHUW\RIEHLQJ
LQWHJUDWHGRIRUGHU7KDWLVWKH\DUH,6HH7DEOH!7KLVH[LVWHQFHRI
KLJKDXWRRUVHULDOFRUUHODWLRQLVH[SODLQHGDVIROORZV
³7KHH[LVWHQFHRIVHULDOFRUUHODWLRQLQDOOVHULHVPD\UHVXOWIURPWZRIDFWRUV2Q
WKHRQHKDQG LWVWHPVIURPWKHZD\VKLSEURNLQJFRPSDQLHVGHWHUPLQHWKH WLPH
FKDUWHUUDWHV(DFKUDWHDVVHVVPHQW LVHLWKHUPDGHRQDQDFWXDOIL[WXUHRU LQ WKH
DEVHQFHRIDQDFWXDO¿[WXUHPDGHRQWKHSUHYLRXVGD\¶VOHYHO2QWKHRWKHUKDQG
VKLSRZQHUVDQGFKDUWHUHUVPD\UHYLVH WKHLU UDWHVEDVHGRQ WKHEHQFKPDUNSULFH
OHYHOV%RWKRIWKHVHZLOOLQGXFHDXWRFRUUHODWLRQLQURXWHUDWHV´
)RU WKHFRQVWLWXWLQJ IRXUYDULDEOHVRI%', WRKDYHDVLQJOHFRPPRQXQLW URRWFRPSRQHQW WKH\VKRXOGEH&, LQ WKH
WHUPLQRORJ\RI(QJOHDQG*UDQJHU$QGWKHUHDUHDOVRWKUHH LQGHSHQGHQWFRLQWHJUDWLQJUHODWLRQVKLSV&KDQJHWDO
S
&KHQ0HHUVPDQDQG9RRUGHS
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WRWK$XJ
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WRVW$SULO
WVWDWLVWLF SYDOXH WVWDWLVWLF SYDOXH
&DSHVL]H
/HYHO    
VWGLIIHUHQFH 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3DQDPD[
/HYHO  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 
VWGLIIHUHQFH    
6XSUDPD[
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+DQG\VL]H
/HYHO  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VWGLIIHUHQFH    
1RWH7KHVHXQLWURRWWHVWVZHUHSHUIRUPHGE\XVLQJ(9LHZVVRIWZDUH
7KHWVWDWLVWLFPHDQVWKH$XJPHQWHG'LFNH\)XOOHUWHVWVWDWLVWLF5HIHUWR'LFNH\DQG)XOOHURU
(9LHZV¶8VHU¶V*XLGH
7KHSYDOXHPHDQV0DF.LQQRQRQHVLGHGSYDOXH
$V LPSOLHGE\ WKH LQIRUPDWLRQRQ WKHFRUUHODWLRQVDPRQJIRXUYDULDEOHV
LQ WKHVW VDPSOHZHFDQ LQIHU WKDW WKHUHDUHDWPRVW WKUHHFRLQWHJUDWLRQ
UHODWLRQVKLSDW WKHRIVLJQL¿FDQFHOHYHOZKLFKLPSOLHVWKDW WKHUHZRXOG
EHRQHFRPPRQVWRFKDVWLF WUHQG%XW LQ WKHQGVDPSOH WKHFRLQWHJUDWLRQ
WHVWVVKRZWKDW WKHUH LVQRFRLQWHJUDWLRQUHODWLRQVKLSHYHQDW WKHRI
VLJQL¿FDQFHOHYHO6HH7DEOH!
7DEOH!-RKDQVHQFRLQWHJUDWLRQWHVWUHVXOWVDPRQJYDULDEOHV
2QG-DQ
WRWK$XJ
1VW-XO\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1RQH   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   
$WPRVW    
1RWH7KHVH-RKDQVHQFRLQWHJUDWLRQWHVWVZHUHSHUIRUPHGE\XVLQJ(9LHZVVRIWZDUH7KHDVVXPSWLRQWKDW
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)RUWKHH[SODQDWLRQRIWKHWUDFHVWDWLVWLFUHIHUWR-RKDQVHQRU(9LHZV¶8VHU¶V*XLGH
7KHSYDOXHPHDQV0DF.LQQRQ+DXJDQG0LFKHOOVRQHVLGHGSYDOXH
7KLVUHVXOWZRXOGRFFXUGXHWRWKHUHODWLYHO\ORZFRUUHODWLRQVRI&DSHVL]H
YDULDEOH6RLIZHGURSWKH&DSHVL]HYDULDEOHDQGSHUIRUPWKHFRLQWHJUDWLRQ
WHVWVWKHQZHFDQLQIHUWKDWWKHUHDUHDWPRVWWZRFRLQWHJUDWLRQUHODWLRQVKLSV
DWWKHRIVLJQL¿FDQFHOHYHO6HH7DEOH!
7DEOH!-RKDQVHQFRLQWHJUDWLRQWHVWUHVXOWVDPRQJYDULDEOHVH[FOXGLQJ&DSHVL]H
1VW-XO\WRVW$SULO
7UDFHVWDWLVWLF SYDOXH
1RQH  
$WPRVW  
$WPRVW  
1RWH6HHWKHQRWHVRI7DEOH!
'HVSLWHWKHIDLOXUHRIVWDWLVWLFDOLQIHUHQFHWKDWWKHUHDUHWKUHHFRLQWHJUDWLRQ
UHODWLRQVKLSVDPRQJWKHIRXUYDULDEOHV LQ WKHQGVDPSOHSHULRG WKLVSDSHU
LPSRVHVWKDWWKHUHLVDFRPPRQVWRFKDVWLFWUHQGZLWKRXWGULIWIROORZLQJWKH
DUJXPHQWRI&KDQJ0LOOHUDQG3DUN µ,QKLJKHUGLPHQVLRQDODSSOLFDWLRQV
RQO\RQH WUHQGPD\EHGHVLUHG ,Q WKLV FDVH.)660SURYLGHVDEHWWHU
DSSURDFK¶
2.Empirical Model
7KLVSDSHUFRQVLGHUVWKHIROORZLQJHPSLULFDOPRGHO
         
         
         
         
ZKHUHL FFDSHVL]HSSDQDPD[VVXSUDPD[DQGKV
KDQG\VL]HYWDQGHLWDUHDOOLQGHSHQGHQWZLWKHDFKRWKHU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7KHYDULDEOH\ LV WKHQDWXUDO ORJDULWKPLFYDOXHRIHDFK VKLS VL]H 6HH
7DEOH!7KHYDULDEOHV[DQGHDUHWKHFRPPRQVWRFKDVWLFWUHQGDQGWKH
LGLRV\QFUDWLFFRPSRQHQW UHVSHFWLYHO\7KHUHIRUHHTXDWLRQPHDQV WKDW
HDFKYDULDEOHKDVDFRPPRQVWRFKDVWLFRUSHUPDQHQWWUHQGDQGLGLRV\QFUDWLF
RU WUDQVLWRU\ WHUP(TXDWLRQ  VD\V WKDW WKHFRPPRQVWRFKDVWLF WUHQG
HYROYHV OLNH D GULIWOHVV UDQGRPZDON(TXDWLRQV  a  DVVXPH WKH
SURSHUWLHVRIGLVWXUEDQFHWHUP
7KHDERYHG\QDPLFVWRFKDVWLFV\VWHPFRQVLVWLQJRIHTXDWLRQVaFDQ
EHH[SUHVVHGDV WKHVWDWHVSDFHPRGHOZKLFK LVQRWXQLTXH ,Q WKLVSDSHU
WKHIROORZLQJVWDWHVSDFHPRGHOLVEXLOWHVSHFLDOO\IRUXVLQJWKHZHOONQRZQ
.DOPDQ¿OWHU
         
         
)RUWKHLGHQWL¿FDWLRQRIWKHPRGHOWKLVSDSHUDVVXPHVWKHYDULDQFHRIWUHQG
VKRFNı2YWREHRQHDVGRQHLQ&KDQJ0LOOHUDQG3DUN
*LYHQWKHDERYHPRGHOHTXDWLRQVDQGWKHIROORZLQJSUHGLFWLRQDQG
XSGDWLQJSURFHVV\LHOGVWKH0/(HVWLPDWHVRIWKHSDUDPHWHUV
Prediction: 
*LYHQWKHG\QDPLFVRIWKHV\VWHPLHHTXDWLRQVDQGSUHGLFW WKH
XQREVHUYHGYDULDEOHȕWE\XVLQJWKHLQIRUPDWLRQXSWRWKHODVWSHULRG,QWKH
PRGHORIWKHSDSHUWKHUHDUHWZRXQFHUWDLQWLHV7KH¿UVWLVIURPWKHQDWXUHRI
WKHXQREVHUYHGYDULDEOHEHFDXVHWKLVYDULDEOHFDQQRWEHREVHUYHGGLUHFWO\7KH
VHFRQGXQFHUWDLQW\LVIURPWKHGLVWXUEDQFHWHUP
7KLVSURFHGXUHIRUWKHHVWLPDWLRQRIVWDWHVSDFHPRGHOLVH[FHOOHQWO\H[SODLQHGRQSSaRI.LPDQG1HOVRQ
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Updating: 
$VWKHREVHUYHGYDULDEOHayW  LVUHDOL]HGWKHQHZLQIRUPDWLRQLVDYDLODEOH
7KDWLVIURPWKHUHDOL]DWLRQRIayWWKHSUHGLFWLRQHUURUFDQEHFDOFXODWHGDQG
WKLVFDQEHXVHGIRUDPRUHDFFXUDWHLQIHUHQFHRQȕW,QWKLVVWHSRIXSGDWLQJ
VRFDOOHGµ.DOPDQJDLQ¶LVXVHG+RZHYHUWKLVHVWLPDWHRIȕWZLOOEHXVHGDV
DQLQSXWIRUWKHSUHGLFWLRQLQWKHQH[WSHULRG
7KLVSUHGLFWLRQDQGXSGDWLQJSURFHGXUHZLOOEHLWHUDWHGXQWLO WKHHVWLPDWHG
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V. Conclusion
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LQWHUSUHWHGDVWKHSHUIRUPDQFHVXFFHVVRIWKHQHZLQGH[+RZHYHUZKHQWKHUH
ZDVDGLYHUJHQFHDPRQJWKHGU\EXONVXEPDUNHWVWKHQHZLQGH[ZDVPRUH
VLPLODUZLWKWKRVHRIVPDOOHUVKLSVWKDQWKDWRI&DSHVL]HVKLS7KLVWHQGHQF\
IRUVPDOOHUVKLSVLVQRWUHMHFWHGDSULRU$VQRWHGLQIRRWQRWHWKHG\QDPLFV
RIORQJWHUPLQWHUHVWUDWHVLVYHU\VLPLODUZLWKWKHFRPPRQVWRFKDVWLFWUHQG
DPRQJVKRUWUXQDQGORQJUXQLQWHUHVWUDWHV7KHUHIRUHZHFRXOGFRQFOXGH
WKDW WKHG\QDPLFVRIVPDOOHUVKLSVFDSWXUHVZHOO WKHG\QDPLFSURSHUWLHVRI
FRPPRQVWRFKDVWLFWUHQG
$OVRWKHFRPPRQVWRFKDVWLFWUHQGPRGHO\LHOGVWKHGHFRPSRVLWLRQPHWKRG
RI HDFKYDULDEOH LQWR FRPPRQ ORQJUXQ DQG LGLRV\QFUDWLF WUDQVLWRU\
FRPSRQHQWV7KLVGHFRPSRVLWLRQWHOOVZKHWKHUDFXUUHQWVXEPDUNHW LVQHDU
WKHORQJUXQHTXLOLEULXPRUIDUIURPLW,IRQHIUHLJKWPDUNHWLVIDUIURPWKH
FRPPRQORQJUXQHTXLOLEULXPZHFDQH[SHFWWKDWWKHUHLVSUHVVXUHWRERXQG
RUIDOOXSRUGRZQZDUGIRUWKHHTXLOLEULXP
)RUPRUHLQGHSWKXQGHUVWDQGLQJWKHG\QDPLFVRIWKHJOREDOGU\EXONIUHLJKW
PDUNHWVZHQHHGWRVWXG\PRUHWKH&DSHVL]HPDUNHWEHFDXVHWKLVPDUNHWKDV
VKRZQPRVWLGLRV\QFUDWLFG\QDPLFVZKLFKLVRQHRIIXWXUHUHVHDUFKWRSLFV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